Flexor tendon injuries in the hand are common. Functional outcomes of these injuries have improved, but complications such as adhesions and repair ruptures remain problematic in some cases. These complications are believed to be related to an inherent weakness in the healing capacity of tendons, which are hypocellular, and for which the usual mode of healing involves recruitment of extratendinous fibroblastic cells.
INTRODUCTION
Flexor tendon injuries in the hand are common. Functional outcomes of these injuries have improved, but complications such as adhesions and repair ruptures remain problematic in some cases. These complications are believed to be related to an inherent weakness in the healing capacity of tendons, which are hypocellular, and for which the usual mode of healing involves recruitment of extratendinous fibroblastic cells.
To overcome the problems associated with tendon, bone marrow derived stromal cells (BMSCs) have been used as a source of additional cells at the tendon repair site. BMSCs are able to differentiate into a spectrum of cell types including fibroblasts and tenocytes.
During last decade, investigators have started to focus on a natural packet of multiple growth factors, the platelet, delivered in the form of platelet-rich plasma (PRP) to improve tissue healing. PRP is used for both bone and soft tissue healing enhancement, including tendon. PRP also enhances proliferation of BMSC, and some growth factors known tothe repair site, in order to assess the strength of the healing tissue rather than the suture strength. The specimen was then distracted at a rate of 0.1 mm/second till failure. The failure was confirmed by two points, complete loss of attaching force among appositioned tendon ends detected by load transducer and disruption of connecting tissues under gross observation. The displacement and force measured by the transducer were recorded for data analysis.
Cell Viability Assessment: The BMSCs were labeled with PKH26 red fluorescent cell linker (Sigma, St. Louis, MO) before seeding in the patch. After culture, tendons were frozen immediately on dry ice and mounted with O.C.T. compound (Tissue-Tek; Sakura Finetek, Torance, CA). Sections of 6 μm were cut in the sagittal plane using a cryostat (Leica, Bannockburn, IL). Acquired specimens were observed using laser scanning confocal microscopy (LSM510; Zeiss, Thornwood, NY).
Histology: Cultured tendons were collected and fixed in 10% neutral buffered formalin for 24hours. The samples were mounted with O.C.T. compound (Tissue-Tek; Sakura Finetek, Torance, CA). Sections of 6 μm were cut in the sagittal plane using a cryostat (Leica, Bannockburn, IL). The sections were stained with hematoxylin and eosin (H&E). The morphology was evaluated with light microscopy.
Sample Size and Power: Based on preliminary data, the standard deviation of the maximum strength was calculated to be 25 mN. Assuming similar variability in the proposed study, a sample of 160 tendons provides 80% power to detect a difference of 25 mN in maximum strength between any two experimental conditions (α= 0.05).
RESULTS
Platelets Count: Mean platelet counts were 5.41-fold greater in the PRP compared to whole blood (PRP 243 ± 49 x 10 3 /µl, whole blood 1316 ± 263 x 10 3 /µl, p=0.0006). Maximum Strength and Stiffness of the Healing Tendons: Analysis using a 2-factor ANOVA with repeated measures showed that the repaired method had a significant effect on both maximum strength and stiffness of the healing tendons. The effect of time was not significant in either maximum strength or stiffness. Since the interaction between repair method and time was not significant, the comparison between each patch method was tested using the Tukey-Kramer post-hoc test.
The maximum breaking strength and stiffness of the repaired tendons with a BMSC-seeded PRP patch was significantly higher than the repaired tendon without patch and with a BMSC-seeded patch (Fig. 1) .
Cell Viability and Histology: The labeled viable BMSCs were present among the repair site in both the BMSC-seeded patch and BMSC-seeded PRP patch group after 4 weeks of culture (Fig. 2) . Under light microscopy, every group showed partial connection of collagen bundles between the opposed tendon ends after 4 weeks of culture. No difference was found between each group.
DISCUSSION
In this study, the BMSC-seeded gel patch with PRP improved maximal strength and stiffness of the tissue between the tendon ends in vitro. Though further studies to understand its mechanism are needed, this data suggests that a BMSC-seeded patch with PRP has the potential to enhance flexor tendon healing.
